Objective: Emergency department (ED) frequent users account for a large number of annual ED visits and often receive radiological studies as a part of their evaluation. We report a pilot study of a case management program for ED frequent users to reduce ED usage and radiation exposure.
INTRODUCTION
With emergency department (ED) use always on the rise and waiting room times ever increasing, management of ED frequent users is becoming a very important issue. Recent literature has defined frequent use as four or more ED visits per year, [1] [2] [3] These patients tend to have more psychiatric problems, substance abuse issues, chronic medical conditions, and psychosocial stressors than other ED patients. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Given the resources needed to manage these patients, several methods have been evaluated to decrease their use. Intensive case management and the use of narcotics protocols have been shown to significantly decrease use, [11] [12] [17] [18] [19] [20] [21] while other efforts have been ineffective in keeping frequent users out of the ED. [22] [23] Radiation exposure from diagnostic imaging is another issue that emergency physicians (EP) must consider when pursuing a diagnosis. EPs rely increasingly on computed tomography (CT) scans as they provide a rapid way to confirm a diagnosis, prevent misdiagnosis, and pick up incidental pathology that would otherwise be missed. [24] [25] [26] [27] [28] However, there can be significant radiation exposure from even a single CT scan. An abdominal CT provides on average an effective dose of 10 mSv, which is associated with a 0.05% risk of cancer. For patients receiving more than one CT in a single visit or multiple CT scans over time, the risk of cancer increases significantly. [29] [30] [31] [32] Although the threshold for frequent use has previously been defined as only four visits per year, [1] [2] [3] many patients seek emergency care significantly more than this. Several studies have identified large groups of patients who use ED services on average 20 times or more per month. 15, 22, 34 These patients consume large amounts of healthcare resources and worsen ED crowding. 12 Additionally, given how often these patients seek care and the major role that CT plays in patient evaluation in the ED, frequent users may be at an increased risk of radiation exposure by choosing to seek ED care.
Malignancy secondary to radiation exposure from CT scans is an issue that has received attention from both medical and patient audiences. Both patients and providers alike often choose not to use CT scans in ED diagnostic evaluations, citing the risk of malignancy. With this in mind, we chose to examine radiation exposure from CT scans as part of our investigation.
The purpose of this study was to evaluate a pilot program consisting of intensive case-management for frequent users at a community hospital to determine if case management is an effective means of decreasing both frequency of ED use and radiation exposure in frequent users.
METHODS
This observational retrospective study was performed at a 205-bed community hospital in central California with approximately 45,000 visits to the ED each year. This study was granted IRB exemption by the hospital committee on research.
A case management pilot program was developed by the ED staff to adequately meet the needs and improve the overall care of patients recurrently seeking care in the ED for chronic medical problems, including narcotic or benzodiazepine addiction. The program is chaired and operated by an ED nurse, who oversees a committee consisting of ED physicians, a chemical dependency physician, hospitalist physicians, pain management clinicians, behavioral health physicians and nurses, as well as social service providers. Patients were
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Case Management enrolled in the case management program if they were identified as having five or more visits to the ED in the month prior to enrollment. Patients could also be enrolled if nursing staff or physicians requested a case management evaluation for a particular patient based on patient pattern uses. Additionally, patients could be enrolled if one of the ED physicians received a letter from the California prescription monitoring program regarding a patient. The case management team met once a month for 90 minutes to discuss both patients currently being managed and patients newly identified as needing case management. When a patient was first presented to the case management team, the chair provided a tally of his or her recent ED visits, with a listing for each of the visits of the chief complaint, studies performed, ED treatments provided, and prescriptions given. Also included were a record of the patient's admissions from the ED and medical problems including regular medications. Based on this information, the case management team determined the chronic problem or problems underlying the frequent use of the ED and then developed a plan to manage these problems in the outpatient setting. Patient care plans consisted of referral to outpatient resources for the management of patients' chronic problems outside of the ED. Such resources included chemical dependency treatment for addiction, pain management for chronic pain, psychiatric services for untreated anxiety or depression, and primary care for those without a primary care provider. Patients without insurance could also be referred to social services for assistance in getting Medi-cal/Medicaid insurance. Additionally, to prevent repeat use for the same chronic problems, the team created recommendations regarding what treatments could be given in the ED. For example, the team recommended that patients with chronic pain not receive narcotics for their chronic pain; rather, the patient's primary care physician (PMD) or pain management physician would be contacted. Similarly, recommendations for patients with opiate or benzodiazepine addiction often involved not using opiates or benzodiazepines except in case of new and acute issues, such as trauma. Patients received letters at their listed mailing addresses informing them of their enrollment in the case management program and the specifics of their plan.
For patients already enrolled in the program, the case management team periodically reviewed all of the patient's visits to the ED, including those since enrollment. In the case of a significant reduction in the frequency of ED use and adherence by the ED staff to the case management plan, the patient's plan would be continued and reassessed at a later meeting. For patients with minimal decreases in ED use, the case management team reassessed the patient's problems to develop a new plan to implement.
Once patients were enrolled, documents regarding their case management plan were placed into the patient's medical record, allowing EPs and other physicians treating the patient to have easy access to the care plan. Furthermore, to improve adherence to the plan, patients in case management were identified upon arrival to the ED and a note was placed on the ED status board in the comments section to alert treating physicians and nursing staff of the patient's enrollment in the case management program.
In analyzing data for our study, we used the hospital's medical record system to obtain data regarding the frequency of patients' visits, chief complaints at each visit, nature of their care plan, basic demographic information about each patient, referrals attended, and the number of CT scans received. We recorded the total number of CT scan images at each visit to compare radiation exposure from CT scans before and after program enrollment.
Our study had two primary outcome measures. The first was the number of visits per patient per month to the ED, and the second was the number of CT scans per patient per month. We recorded the number of patient visits per month and number of CT scans received per month for the six months prior to enrollment in the program and the six months after enrollment. To assess the efficacy of the case management over a longer time period, all enrolled patients were followed through November 2008, when our study data collection ended. Patient visits per month and the number of CT scans per month were recorded for this time period.
Our study also had three secondary outcome measures. We compared admission rates before and after enrollment in the program as a method of discerning if the case management program was preventing people from seeking care when needing admission. We also evaluated the rate of attendance of our major referrals for the program to determine if patients were receiving the care recommended to them. Of the patients who were referred to obtain insurance, obtained a PMD, received care from the pain management service, received a chemical dependency evaluation, or received an evaluation and care from the psychiatry service, we examined the percentage of our patients successfully receiving these services. Finally, for each patient we determined the most common chief complaints that brought them to the ED for care both before and after enrollment as a means of assessing whether or not the patient's chronic problems were being adequately addressed. In case a patient presented frequently for two separate issues, both of these were recorded as their most common chief complaint.
We analyzed data with Microsoft Excel 2007, using a paired, two-tailed t-test to generate p values in comparing ED visits per patient per month and CT images per patient per month in the six months prior to enrollment to both the six months after enrollment as well as to the time period from enrollment through November 2008.
RESULTS
Between May 2006 and April 2008, 96 patients were enrolled in the case management program, and all were followed through November 2008. Eighty-nine patients were enrolled because of the frequency of their visits or staff concerns, and seven were enrolled after notification by the California prescription monitoring program. Of these 96 patients, four had plans that, for unclear reasons, were consistently not followed by ED staff, five had plans that did not address the patient's underlying problem, and two had medical records could not be found. These three groups were excluded from data analysis; thus, we included 85 patients in the case management program in the analysis. Baseline patient demographics of the 85 patients enrolled can be found in Table 1 . Only one of the 85 patients (1.2%) included in the analysis died after enrollment.
In the six months prior to enrollment in the program, patients averaged 2.3 ED visits per patient per month. In the six months after enrollment, patients averaged 0.6 ED visits per patient per month (P<0.0001), and all visits to the ED after enrollment up to November 2008 averaged 0.4 visits per patient per month (P<0.0001). In the six months prior to enrollment in the case management program, these patients averaged 25.6 CT studies per patient per month. In the six months after enrollment, these patients averaged 10.2 CT studies per patient per month (P=0.001), and all CT studies after enrollment up to November 2008 averaged 8.1 CT scans per patient per month (P=0.0001).
The specific interventions of the patient care plans as a part of the case management program are outlined in Table 2 . The admission rate, measured as admissions per ED visits, during the six months prior to enrollment in the program was 11%. In the six months after admission, the admission rate was 8.5% (P=0.43), while the admission rate for all visits after enrollment through November 2008 was 7.9% (P=0. 19) .
As far as the efficacy of our referrals, the primary physician status and insurance status for all patients before and after enrollment in the program is outlined in Table 3 . Notably, of the three patients who did not have a PMD prior to enrollment and were referred to get one, all three (100%) received a PMD. Additionally, of the five patients that did not have insurance prior to enrollment and were referred to social services to obtain insurance, four of these patients (80.0%) received Medi-Cal/Medicaid after enrollment. Of the 29 patients who were referred to the chemical dependency service, three (10.3%) attended their referral. Of the 18 patients sent to the pain management service, six (33.3%) attended their referral. Finally, of the 11 patients referred to psychiatry, five (45.4%) attended the referral given to them. Of the 66 referrals given for these five services, only 21 referrals were successfully attended (31.8%).
Finally, the most common chief complaints for ED visits both before and after enrollment are outlined in Table 4 . The most common chief complaint was the same prior to and after enrollment in 31 of the 85 enrolled patients (36.5%).
DISCUSSION
Prior to discussing the results of our intensive case management program, it is important to point out that much of the previous literature on frequent users of ED services focuses on those patients that are homeless. [10] [11] [12] 15, 21 Of the patient population in our case management program, only one of the 85 patients (1.2%) was homeless. Thus, our study likely represents a much different group of patients than previously studied.
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Case Management Frequency of use Literature on frequent users has demonstrated numerous reasons as to why patients choose to repeatedly seek care in the ED. Patients have reported that they prefer ED care because they anticipate that their regular physician will not be able to take care of them, the ED is easy to get to, and emergency services are conveniently available 24 hours per day. [35] [36] Chronic pain and the desire for narcotics and other psychoactive drugs are two additional, common reasons why patients may choose to frequent the ED, with some estimates of drug-seeking patients accounting for as high as one-fourth of ED visits. [8] [9] [15] [16] 18, 37 Furthermore, one prior study of case management for frequent users found that approximately two-thirds of ED frequent users required interventions involving restriction of narcotics prescriptions. 22 With 94% of the patients in our case management program requiring interventions involving restriction or limitation of narcotics, chronic pain and chemical, dependency must be regarded as important issues in frequent users. The restriction of narcotics in frequent users, both in our data as well as in other studies, markedly decreased ED usage. 18, 22 Nearly 90% of patients in our program had a PMD prior to enrollment in case management, and nearly 90% had health insurance prior to enrollment. These figures strongly suggest that lack of access to care was not an underlying reason for repeated ED usage in our group of patients, but rather patients were either not being adequately treated for their chronic medical conditions by their regular physicians or were choosing to seek ED care in an attempt to obtain prescription medications for underlying substance abuse problems.
Regardless of why patients choose to come to the ED for care, crowding is an increasingly common problem that is only made worse by frequent users. 12, 38 Case management has been previously documented as an effective means of reducing ED use by frequent users, 11-12,17-21 which we also found to be the case with our case management program. Between May 2006 and April 2008, the frequent users who eventually enrolled in the program averaged 2.3 visits per patient per month, which accounted for 1,173 visits in the six months prior to their enrollment. Should this have continued without intervention, this group of 85 patients would have accounted for 2,346 visits per year, which would make up approximately 5% of all visits to our ED. After enrollment in the program, these patients averaged 0.6 visits per patient per month for the first six months, which accounted for only 290 visits in the six months after their enrollment, a decrease in the number of visits by 75%. Following the patients for longer than the six months after their enrollment demonstrated that these patients only averaged 0.4 visits per patient per month, or just 398 visits per year. Thus, our case management program has decreased the number of visits by frequent users by 83%, and has saved the department 1,948 visits per year. As mentioned above, one of the limitations of the study was that patients were not always identified as being in case management upon arrival to the ED. With changes in patient tracking and recognition, we may be able to ensure that patient plans are followed more closely. Thus, further reductions in use beyond what we have already accomplished may be possible.
Frequent users are known to have conflicts with staff, tend to be heavy users of healthcare resources, and are often dissatisfied with their healthcare. 1, 2, 4 Given that frequent users tend to have more psychological, substance abuse, and chronic medical issues than other ED patients, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] it becomes clear that their evaluation and treatment is time-consuming. It is difficult to estimate how much time and effort was saved by eliminating these visits, but it may well represent more time saved than elimination of visits by other ED patients.
One final point to consider on the topic of the frequency of ED use by the patients in our program is the cost associated with their care. Although we did not perform a formal financial analysis of our program, we can estimate the effect of our program on healthcare costs with reasonable accuracy. The average ED visit bills approximately $1,000. 15 Considering that our program decreased visits by about 2,000 visits per year, this likely represents nearly two million dollars annual savings to patients and insurance companies. Because many of our patients have Medicare or Medicaid/Medi-Cal insurance, this represents significant savings to overburdened government insurance plans. This finding is supported by additional research showing that case management programs effectively reduce costs associated with care of frequent users. 12, 21 Furthermore, nearly 60% of the patients in our program had Medicare or Medicaid/Medi-Cal insurance. With declining reimbursements for ED visits by these two plans, 14 a significant decrease in the number of visits per year by patients with Medicare or Medicaid/Medi-Cal insurance may also represent a reduction in the number of non-profitable visits for the department. For EDs that serve a large population of homeless and/or uninsured patients, such a reduction in use by these patients would markedly reduce the number of uncompensated visits as well.
Efficacy of the program in meeting patient needs
Although we did not have any direct means of assessing patient satisfaction with the program, we recorded several data points for each patient that gives us a more thorough understanding of our case management program efficacy. First, in examining the patients' most common chief complaints, only 31 out of 85 patients (36.5%) had the same common chief complaint before and after admission in the program. We interpret this to mean that the underlying chronic problem was managed well enough in 63.5% of patients that they were less inclined to seek recurrent ED treatment. An alternative explanation is that patients with narcotic addiction issues, once informed that they would no longer receive narcotics except in the case of acute medical illness, chose to change their chief complaint in an attempt to bypass any restrictions placed on them so as to receive narcotics.
A second measure of success of our case management program is the efficacy of our referrals. The overall attendance rate of our five major referrals (PMD, insurance, chemical dependency, pain management, and psychiatry) was 31.8%. An initial look at this number may suggest that our program was ineffective in treating our patients. Previous evidence has shown that frequent users are notoriously poor at keeping appointments, and the low success rate of our referrals supports this claim. 16, 21 However, individual examination of each of the referrals reveals an interesting trend. The two referrals with the highest success rate were to obtain a primary physician and insurance, at 100% and 80.0%, respectively. These are services that patients may view as important and are thus more motivated to attend. Our referrals to psychiatry had an intermediate success rate of 45.4%. Furthermore, one referred patient died of cardiopulmonary disease shortly after his referral to psychiatry, so our success rate may actually be as high as 50.0%. Our interpretation of this intermediate success rate is that our patients with psychiatric needs often have limited insight into their problem, and it is likely that only patients with adequate insight and judgment actually attended their appointments. Finally, our success rate of referrals to pain management and chemical dependency were very low, at 33.3% and 10.3%, respectively. We feel that these low success rates are the direct result of the large number of patients in our program having narcotic addiction problems. Rather than wanting treatment for their addiction or receiving opiate narcotics on a set schedule by a pain management physician, we believe that these patients were only interested in obtaining more narcotics. Our experience is that only a small number of our narcotic addiction patients have the motivation and insight to seek treatment and improve their condition.
Radiation exposure
Risks associated with diagnostic imaging are an important issue that EPs must consider when evaluating patients in the ED. 24, 25 EP, both in an effort to rule out life threatening disease and to ensure that no pathology is missed, have become increasingly reliant on diagnostic imaging. Needless to say, frequent users appear to be at an increased risk of radiation exposure given their repeat ED evaluations. Prior to enrollment in the case management program, our group of patients averaged 25.6 CT scans per patient per month, which corresponds to approximately 300 CT studies per patient per year. When followed from the time of their enrollment to the end of the study in November 2008, patients in the case management program averaged 8.1 CT scans per patient per month, which corresponds to approximately 100 CT studies per patient per year. Our case management program thus reduced radiation exposure from CT scans by two-thirds. The reduction in the number of CT studies by 200 per patient per year roughly corresponds to each patient saving about one abdominal CT scan per year. Literature has shown that the average abdominal CT exam has an effective dose of radiation of about 10 mSv, 32 and that the corresponding risk of cancer associated with this dose of radiation is 0.05%, or 1 in 2000. 30, 32 Although we reduced radiation exposure by two-third in those patients in our case management program, the number needed to treat (NNT) to prevent one cancer per year is 2,000 patients. However, this NNT is only for one year. Should these same patients remain in the case management program and maintain similar ED use patterns, it is likely that one case of cancer due to diagnostic imaging will be prevented in this group of 85 patients over the next 24 years. Our case management program is ongoing, adding new patients every month. As the number of patients' increases, the number of years needed to prevent one cancer will decrease. Additionally, should a similar case management model be used in other EDs, the number of patients that benefit from reduced radiation exposure will continue to rise.
LIMITATIONS
Our study had several limitations. First, it is limited by a relatively small number of patients enrolled in the program. Second, our retrospective observational study design has inherent limitations. The patients in our study represented the group using emergency services the most, and without randomization it is difficult to exclude regression towards the mean as an explanation for our findings. Third, our selection of patients may have been biased towards those with narcotic use issues, as patients could be enrolled in the case management program simply if staff expressed concerns about a patient. Those with chronic pain or those seeking narcotics are often very difficult to manage, and thus may have been disproportionally enrolled in the program, based upon staff concern. This effect may have been compounded by the fact that inclusion criteria also included notification by the California prescription drug monitoring program.
An additional weakness is that the original program design depended on all patients in case management to be immediately identified upon arrival to the ED to rapidly implement their case management plan. Due to limitations in status board software and staff recognition of patients in the program, patients were not always identified upon presentation. Thus, on rare occasions, patients in case management were not identified at all and given treatment conflicting with their care plan. Similarly, on rare occasions the recognition of patients was delayed until after they had already been given treatment in conflict with their care plan. Such lapses in the case management plan may have encouraged patients to attempt to resume higher frequency of use in the attempt to obtain restricted treatments. However, it is our experience that high frequency use patterns are maintained in only those patients whose case management plans are consistently ignored by treating staff. It is for this reason that only the four patients whose plans were repeatedly disregarded were excluded from the analysis.
Finally, as much as we attempted to determine whether or not our program was successful in actually treating patients' chronic problems by comparing chief complaints before and after enrollment, we have no direct measure of patient satisfaction with the program and no measure of the quality of life of our patients before or after enrollment. Many of our patients chose to never return to the department for care or only seek care in the department when emergent conditions arose, which makes their assessment rather difficult. Similarly, our IRB approval was only for a retrospective chart analysis.
DIRECTIONS FOR FUTURE STUDY
While our data shows that the patients in our case management program markedly decreased use of our ED, it is not clear how their use of other healthcare sites changed after enrollment in the program. There are two other community hospitals and one small county hospital within 35 miles of our study site. To improve care of the patients in our community, we plan to work with the surrounding hospitals to both assess frequent use patterns at the surrounding hospitals and create a group case management program. Additionally, our current data do not measure to what extent patient use of primary care resources changed before and after enrollment. We also plan to work more closely with the PMD in the community to assess how our case management program affects the use of primary care resources.
Additionally, our study was limited by the small number of patients enrolled, the inherent limitations of a retrospective analysis, and our lack of assessment of patient satisfaction and quality of life. Given our success with this pilot study, we plan further and more methodologically sound research to better study our frequent users program.
Finally, one of the most important lessons that we have learned in the operation of the case management program is that its success is contingent upon staff compliance with patient plans. As mentioned previously, there were instances in which patients whose plans involved the restriction of narcotics were not recognized, and they were able to obtain narcotics. In these cases, patients returned to the ED multiple times in the following days, ostensibly in hope of obtaining narcotics again. The biggest obstacle we face to improve compliance with case management plans is that our status board software does not display whether or not patients have case management plans. Case management status is only currently listed if a patient is recognized by staff and a note is placed in the comments section under that patient's name. We have been discussing this issue with our software provider in an attempt to resolve this issue and look forward to creating a system in which case management patients are readily identified by all staff in the department.
CONCLUSION
Case management for frequent users of the ED is an effective way to reduce repeat use of emergency services and to reduce radiation exposure from repetitive diagnostic imaging. Furthermore, chronic pain and substance abuse are prevalent issues in ED frequent users and should be considered in the evaluation of these patients.
